A numerical method for solving the fuzzy generalized pantograph equation under fuzzy initial value conditions is presented. This technique provides a sequence of functions which converges to the exact solution to the problem and is based on the use of Lagrange multipliers for identification of optimal value of a parameter in a functional. To display the validity and applicability of the numerical method two illustrative examples are presented.
Introduction
Fuzzy differential equations are utilized for the purpose of the modelling problems in science and engineering. Most of the problems in science and engineering require the solutions of a fuzzy differential equation which are satisfied with fuzzy initial conditions, therefore a fuzzy initial value problem is occurring, and should be solved. The topic of fuzzy differential equations has been rapidly growing in recent years. The concept of the fuzzy derivative was first introduced by Chang and Zadeh [15] , it was followed up by Dubois and Prade [19] . Kaleva in [26] and [27] proposed fuzzy differential equations using H-derivative and it was developed by some other authors (see [[31] , [11] , [14] , [13] , [16] , [18] , [25] , [7] , [5] , [6] , [9] , [21] ]). The numerical methods for solving fuzzy differential equations are introduced in [1] , [2] , [4] , [3] . The name pantograph originated from the study [30] by Ockendon and Tayler. These equations arise in industrial applications and in studies based on biology, economy, control theory and electrodynamics, among others. Properties of the analytic solution of these equations as well as numerical methods have been studied by several authors [17] , [29] , [20] . In [28] , the authors introduced a numerical method based on the Taylor polynomials for the approximate solution of the fuzzy pantograph equation with linear functional argument. The purpose of the present paper is to develop and apply variation iteration methods to the generalized pantograph equation with fuzzy initial conditions. This paper is organized as follows: In Section 2, we describe the basic notations and preliminaries. In Section 3, the variational iteration method is briefly described. We define the fuzzy generalized pantograph equation under generalized Hukuhara differentiability in Section 4 and according to the type of differentiability, the solutions of the fuzzy generalized pantograph equation are investigated. Some numerical examples are given to clarify the details and efficiency of the method in Section 5. We end up with some conclusions.
Basic concepts
In this section, we represent some definitions and introduce the necessary notation which will be used throughout the paper. 
Then R F is called the space of fuzzy numbers.
For arbitrary u, v ∈ R F and k ∈ R, the addition and scalar multiplication are defined by 
It is easy to show that(i) and (ii) are both valid if and only if w is a crisp number.
In terms of α-cuts we have 
is decreasing as functions of α, and f
is increasing as functions of α, and f
[ with f α (t; α) and f α (t; α) both differentiable at t 0 . We say that :
Definition 2.5.
[10] The second generalized Hukuhara derivative of a fuzzy-valued function f : 
Variational Iteration Method (VIM)
Consider the following general nonlinear initial value problem.
L[y(t)] + N[y(t)]
Where L is a linear operator, N a nonlinear operator and g(t) is a known analytical function. According to VIM, we can construct a correction functional as follows.
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Where λ is a general Lagrangian multiplier [24] which can be identified optimally via the variational theory, the subscript n denotes the nth-order approximation, u n is considered as a restricted variation i.e. δ u n = 0, [23] , [22] . Therefore, we first determine the Lagrange multiplier λ that will be identified optimally via integration by parts. The successive approximations u n+1 , n ≥ 0 of the solution u will be readily obtained upon using the determined Lagrangian multiplier and any selective function u 0 . Consequently, the solution is given by u = lim n→∞ u n . Now, consider the following system of generalized pantograph equations
where
.., n and moreover f and ε i (t), i = 1, 2, ..., l are analytical function and β ∈ R + , we consider
where 0 < q 1 < q l−1 < ... < q l < 1. Now consider Eq. (3.10), according to VIM, we consider the correction functional in the following form,
] ds to find the optimal value of λ we have
Thus we have the following stationary conditions:
The Lagrange multiplier, therefore, can be identified :
As a result, we obtain the following iteration formula:
Consider following system of generalized pantograph equation
In accordance with the process described for Eq. (3.10), the correct functional for Eq. (3.12) can be written as
and, we obtain the following Lagrange multiplier
Therefore, we have the following iteration formula:
Fuzzy Generalized Pantogragh Equation
Consider function u(t) : R → R F satisfying the fuzzy generalized pantograph equations
where f and ε i (t), i = 1, 2, ..., l are analytical function and β ∈ R + and λ i ∈ R F , i = 0, 1. We consider
We choose the derivative type of solution for Problem 4.14 or 4.15 and translate functional equation to the corresponding system and VIM is applied for solving this system, for example if u(t) is (i)-gH-differentiable for Problem 4.14, then we obtain
Example 5.1. Consider the following pantograph equation
where 0 denotes the crisp set {0}. 
Now we have the following iteration formula
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Let us start with an initial approximation u 0 (t; α) = 0, u 0 (t; α) = 0:
for n = 2 we have
for n = 3 we have:
for n = 4 we have: 
Example 5.2. Consider the pantograph equation of first order with variable coefficients
Note that the exact solution of this problem is 
t cos(t) Since u(t) has (ii)-gH-differentiable, the (ii)-gH-differentiable solution is obtained by solving
We start with initial approximation u 0 (t; α) = (α + 1)cos(t) and u 0 (t; α) = (−2α + 4)cos(t), the other terms of the sequence u n (t; α) 
Conclusion
In this paper, we proposed the variation iteration method for solve the fuzzy generalized pantograph equation under generalized Hukuhara differentiability concept. First we choose type of differentiability of solution and convert it to a system of differential equations. Then we use VIM and find the approximate solution of this system. This technique produces the terms of a sequence using the iteration of the correction functional which converges to the exact solution rapidly.
